The article presents the results of forecasting the volume (size) of steel production in Poland based on selected adaptation models. The data used in forecasting were the annual size of steel production in the period from 2000 to 2017. Data on the size of steel production in Poland were obtained from reports of both the Polish Steel Association in Katowice (Poland) and the World Steel Association. The accuracy of predictions was determined by the values of real deviation of forecasted variable from forecasts (extinguished -ex post) using square root calculated from mean square error of apparent forecasts, ie RMSE -Root Mean Square Error and mean value of relative error of expired forecastsΨ. Forecasts can be used in making decisions in metallurgical enterprises for building production scenarios.
INTRODUCTION (
In the recent history of metallurgy in Poland (the last two decades), important developments in the steel sector include: the creation of enterprises with foreign capital having a significant share in the steel market in Poland (Gajdzik and Sroka 2012) , large capital expenditures on technological innovations in steel mills and withdrawal of unprofitable steel melting technology (the Martin furnace) (Gajdzik, 2013a) , as well as the implementation of the latest computerassisted BAT technology, accompanied by changes in the organization of work (implementation of methods and tools to improve the process of enterprise management and production control). Metallurgical enterprises have introduced global steel production standards (WCM) (Gajdzik, 2013b) , and individual products have obtained certificates required on the global steel market (in accordance with the expectations of individual segments of the steel recipients market). The aforementioned factors have made the situation of the steel sector in Poland stable in recent years. The steel sector in the country is one of the important industries. Its share in the sold production of industry accounts for approx. 2.5%. Steel is the basic building material used in construction (about 45% of national steel consumption is attributable to the construction sector with an average annual consumption of approx. 13 million tons) (Polish Steel Association, 2017) . Significant share in steel consumption is also played by sectors: manufacture of metal products (about 15%), manufacture of machinery and equipment (about 10%), automotive and transport equipment (about 15%), household appliances (slightly more than 5%), pipe production (less than 10%). The problem of research was: how will the steel production change in Poland in the coming years, assuming that radical changes in the sector will not occur. Contents of the work: this paper presents forecasts of steel production volume in Poland developed on the basis of selected adaptation models. The publication includes forecasts regarding the volume of steel production in Poland until 2022. Application of research results: forecasting is a valuable tool informing about the future, and the prepared forecasts can be used by economic entities (metallurgical plants) to make decisions in the next years' perspective and to build production scenarios.
METHODOLOGY OF RESEARCH (
Steel models were used to predict the size of steel production. These models are characterized by high flexibility and ability to adapt to irregular changes in the direction of the trend, as well as possible distortions of seasonal variations. The class of adaptive models is quite wide (Armstrong, 2001) . The following forecasting methods based on adaptive models were used in the research process (Krawiec, 2014) : naive methods, moving average methods (simple and weighted), exponential smoothing models (Brown and Holt, 1963) and exponential-self-guiding models. In order to assess the acceptability of presented forecasting methods and to choose the most accurate, an evaluation of two most common ex post forecast errors have been performed: • Root Mean Square Error (RMSE) -which informs about average deviations of forecasts from empirical values in frames of the forecast verification interval; calculated by Equation 1:
(1)
• the mean relative ex post forecast error -which informs about the share of absolute error per unit of real value of variable yt and is calculated by Equation 2:
In Equations 1 & 2 yt is an empirical value, i.e. realization of variable y in a t period of time t ( 1,
* is the forecast value; n is the number of elements of the time series; m is the number of initial time moments t, for which ex post forecast has not been calculated or is being treated as a part of necessary startup mechanism (Manikowski & Tarapata, 2002) . The onedimensional time series used to determine the forecasts of the volume of steel production in Poland is the production of steel (million tons) a year. (Table 1) . The empirical (real) values used for forecasting are shown in Fig. 1 . The production volume was presented on the abscissa axis ( Figure 1 On the basis of visual assessment of the chart made, the basic chronological decomposition of the time series was made, determining the lack of a one-way change in the volume of steel production (no obvious growing or decreasing trend). The value of empirical data oscillates around the average value -the average annual volume of steel production in Poland -9.074 million tons of steel. For the purposes of research (forecasting), however, it was assumed that there could be an additive or multiplicative development trend. In the course of the trend of the phenomenon studied -steel production quantities -no fluctuations were observed, which would be cyclical -seasonal -repeatable at a given time. In the course of the examined phenomenon there are periodic fluctuations caused by the economic situation (increase or decrease in demand on the global steel market).
RESULTS OF RESEARCH
The obtained forecasts are presented in table 2, and their interpretation was made according to the order of forecasting methods used. * value of the smoothing parameter (or weight): α, β, Φ for one of the two prediction errors using Solver in Excel, the value of the parameter for which the smaller error of expired forecasts was obtained was selected. The good quality forecasts are marked in gray.
Forecasts obtained using the naive method
Using the naive method, a point forecast for the development trend in the additive approach was constructed (for a time series around the fixed (average) or development trend (No.1) and forecasts assuming a multiplicative trend with a development trend (No. 2). No. 1 the level of the variation coefficient Vz was checked, which was < 0.3, thus it was established that there is a time series around the average value and the following formulas were used:
• ex post forecast: yt* = yt-1 (for t = 2...18) (3) • ex ante forecast: ( 2018 year) yT* = yT-1 (for T = 19) (4) The application of method No.1 made it possible to obtain a point forecast for 2018, which amounted to 9.202 million tons. This forecast value slightly exceeds the level of average annual steel production in Poland (average annual production value calculated on the basis of data for 2000-2017 amounted to 9.074 million tons). In turn, the forecasts obtained using the No. 2 were unusable (low quality of forecasts), the forecasts were characterized by strong deviations compared to the current course of the studied phenomenon (no clear development trend).
Forecasts obtained using the mobile average model
Using the moving average models, the variable forecast for moment (or period) t is the simple or weighted arithmetic mean (wj) of last observations from the series (Krawiec, 2014) . For the forecasting of steel production in Poland, the value of k (smoothing constant) equal to 2 or 3. Models were considered for a series shaped around a constant (average) value and around a development tendency (6 prognostic models were obtained) -tab. 2 (models from No.3 to No.8). From among the models obtained, the best fit was shown by the No. 5 (the lowest forecast error), a relatively good prediction match was also obtained using the No. 3 and No. 4 model. The average value of the obtained ex ante forecasts was calculated, and so: for the model No. 3 it was 9.858 million tons; for model No. 4 was 9.658 million tons and for model No. 5 was 9.960 million tons. In comparison to the current average annual production of steel in Poland (9.07 million tons), the level of ex ante forecasts obtained is higher by approx. 7% or 10%. Based on the results of forecasting using these methods, it can be assumed that in the coming years (period 2018-2022) , the steel sector in Poland will produce more than 9.5 million tons but less 10 million tons of steel per year. In turn, the ex ante forecasts obtained on the basis of these models 6-8 were characterized by a strong growing trend. However, the time series of the studied phenomenon did not show a clear development trend. From here, it can be concluded that these forecasts are of low quality.
Forecasts obtained using exponential smoothing models
In this group of models, a set of forecasting methods is considered, the common feature of which is the smoothing of the dynamic series by means of a weighted average with exponentially determined weights (weights are heading exponentially to zero). For the needs of the research, a simple exponential smoothing model was used and Holt developed according to the development trend: an additive or multiplicative trend. The models of Brown are also presented, which are based on general exponential smoothing operators defined in a recursive manner (Brown, 1963) . Assuming, as successive operators of the k-th smoothing operators, the models of single, double and triple exponential smoothing were defined (Brown model) . Forecasting also uses a developed form of models using the autoregression mechanism -exponential-autoregressive models. Forecasts using the mentioned models are summarized in tab. 2. The forecasts obtained using a simple exponential smoothing model (models No. 9 and No. 10) proved to be useless due to the identical values of forecasts and difficulties in the optimization process of the α parameter. Expired forecasts received using the No. Model. 11 are well matched to the variables studied (Ψ < 10%), and the ax ante forecasts obtained on an annual average basis amount to 9.444 million tons. The trend of ex ante forecasts -decreasing in the years 2018-2022 from 9.6 to 9.4 million tons of steel. Exponentautoregressive models (models No. 12 and No.13 ) gave good quality forecasts with a declining trend -the average annual forecast value in the No. 12 model was 9.024 million tons (less than the annual average real steel production values in Poland in the analyzed period); 9.162 million tons. On the basis of the Holt model (Holt's linear trend model with additive trend) strong trends of increasing forecasted quantities of steel production in 2018 -2022 Brown's triple exponential smoothing (quadratic) . On the basis of these models, similar forecasts were obtained that did not exceed 9 million tons of steel in the individual forecasted years. Last model was advanced exponential autoregressive model for k=3, l=2 (β1=0.2; β2=0.3; β3=0.5; δ1=0.4; δ2=0.6) . Forecasts obtained on the basis of this model did not exceed the level of 10 million tons of steel produced annually in the forecasted period with the lowest forecasting errors Ψ and RMSE) -see tab. Pos. 26 in Tab. 2.
CONCLUSION
Based on the adaptive models used to realize forecasts of steel production volumes in Poland until 2022, it was found that good quality forecasts are obtained for forecasts (ex ante) around the average annual value of steel production in Poland, which in the years 2000-2017 amounted to 9.074 million tons. Using Holt models for development trends, a significant increase in forecasts was obtained (ex ante), exceeding in the first forecast period the level of 10 million tons of steel and in the last even reaching the level of 14.4 million tons of steel. These forecasts could be rejected were it not for the fact that in Poland currently only 75% of production capacity is used for steel production (with increasing production capacities), and in recent years steel consumption increased significantly, reaching in 2017 the level of 13.8 million tons (in Poland steel became more import than export). It can therefore be assumed that with favorable economic conditions, more steel can be produced in Poland. The downward trend of ex ante forecasts was obtained using the Brown model, forecast below the current average annual production. The lowest forecasting errors (Ψ and RMSE) were obtained for forecasts obtained by using advanced exponential autoregressive model (0.096 and 0.990, respectively) -model No. 26 in Table 2 . These annual forecasts (ex ante) slightly exceeded 9 million tons of steel. The last model (No. 27 in Table 2 ) is not included in the classic adaptation models, it was used to develop forecasts to look for other forecasting methods (including methods typical for trends with cyclical fluctuations and autoregressive models). Ex post forecasts using the No. 27 method are subject to the smallest errors, and the obtained ex ante forecasts oscillate around 10.5 million tons of steel produced annually in the forecasted period of 2018-2022. Obtained forecasts can be used in making decisions in metallurgical enterprises for building production scenarios.This scenario is, in a very simplistic, possible but hypothetical picture of the future. A favorable sequence of events that may occur will result in the completion of a particular scenario image of the future (Chermack et al., 2001 ). The task of planning is to choose among the possible trajectories of the production system that is most desirable in the light of the analysis of the demand for funds for its implementation and the means that the system can have in the given period for the purpose (Rue, Holland, 1986) . The result of prognostic analysis, there are such scenarios of the future of steel production in Poland: base-case scenario: forecasting yearly steel production from 9 to 10 million tons, worst-case scenario: forecasting yearly steel production from 9 to 10 million tons less than 9 million tons, and best-case scenario: forecasting yearly steel production below 10 million tons (Gajdzik, 2017) .
